Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction
In the wake of the Great Recession of 2008/2009, countries around the globe accumulated massive amounts of government debt. Figure 1 provides an overview for selected developed countries. Adjusting this unsustainable fiscal situation is among the main fiscal policy challenges of the near future. Yet, fiscal policy before the crisis casts serious doubts upon a successful fiscal adjustment process. Contrary to the prescriptions of optimal debt policies (e.g. Barro, 1979; Startz, 1989) , governments persistently accumulated debt in peace time. As convincingly argued by a large and growing literature, politics is at the heart of this problem (see Alesina and Passalacqua, 2015; Weizsäcker, 1992 Weizsäcker, , 2015 . A special feature of government debt is the associated promise of transfers from future to current generations usually made without the consent of the former. This raises the question why these promises are kept. Tabellini (1991) shows that repudiating the debt affects both the inter-and the intragenerational distribution of resources. Concretely, debt repudiation does not affect all members of the old generation in the same way as it harms the wealthy more than the poor. Intergenerational altruism, or equivalently inheritance, then implies that the children of the wealthiest debt holders join the old in a coalition which supports repayment of debt. The central aspect of Tabellini's paper is the link between inter-and intragenerational redistribution, "a topic which is surprisingly understudied both theoretically and empirically" (Alesina and Passalacqua, 2015, p.34) .
In this paper, we investigate how the link between inter-and intragenerational redistribution may be used strategically to make the repayment of debt politically viable. More precisely, we study when and how the old generation can exploit this link to its advantage.
By developing a simple two-period, two-generations game-theoretic model, we identify the strategic challenge of the old generation and we show that exploiting intragenerational redistribution requires the old to resolve a coordination problem. Our model highlights that, when successful, the old generation effectively employs a divide-and-conquer strategy towards the young generation. In addition, the game-theoretic representation enables us to experimentally test Tabellini's (1991) redistributive mechanism.
Our paper makes several contributions: First, it adds coordination as an important aspect of intergenerational redistribution. We identify properties of the distribution of bond investments that make the repayment of debt politically viable (Proposition 1). The old generation may generate those properties by coordinating investments. We then show how coordination is affected by wealth inequality within the old generation. Specifically, we identify a property of the wealth distribution that enables a strategically simple and, under mild additional conditions, unique way of coordinating debt repayment (Proposition 3 and 4). Thus, the paper explicitly addresses the impact of inequality on government debt decisions (see e.g. Larch, 2012) . The model also enables us to discuss other factors of debt repayment, namely population growth and inheritance laws. Second, the model identifies divide-and-conquer as the driving force of intergenerational redistribution. While ex ante the young generation is opposed to issuing debt, successful coordination enables the old to form a coalition with some of the young voters. This insight connects our paper to a wide literature in political economics (see Section 2). Drawing on this literature enables us to shed new light on e.g. the role of budgetary institutions and constitutional reform. We also extend the theoretical basis of this literature by adding coordination as a prerequisite for divide-and-conquer.
Third, our experimental results shed light on the behavioral relevance of the redistributive mechanism. We find that (i) the divide-and-conquer strategy is successfully employed both if coordination is easy and if it is difficult, (ii) individuals vote truthfully in a large majority of cases, and (iii) individuals' concerns for both efficiency and fairness affect the success of redistribution and debt repayment and should therefore be taken into account.
Finally, we provide an experimental paradigm to investigate the interplay between redistribution, coordination, and divide-and-conquer. Empirical studies on fiscal policy in general, and government debt and inequality in particular, are plagued by problems of data availability, measurement, and causality. It is not clear, for example, how a binding vote on debt repudiation could be organized in practice.
1 Experiments have the potential to overcome some of these issues and to stimulate future empirical studies (see also Sutter, 2003) .
The paper is structured as follows: Section 2 discusses related literature. Section 3 introduces the game-theoretic model and derives the equilibria. Section 4 presents the experimental results. Section 5 concludes. The appendix contains the proofs, complementary statistical results, and the experimental instructions.
1 The case of Greece provides a good example of the difficulties involved.
Related Literature
The paper relates to a wide literature in public finance, political, and experimental economics.
First, we contribute to the political-economic literature on the strategic use of budget deficits. This literature explains deviations from optimal debt policy by strategic considerations of politicians and voters. The literature may be broadly categorized according to the underlying strategic motives (see e.g. Eslava, 2011; Weizsäcker, 2015) : Opportunistic policymakers seeking re-election (early contributions are Nordhaus, 1975; Buchanan and Wagner, 1977) , partisan incumbents attempting to bind their successors Tabellini and Alesina, 1990) , policymakers facing a common pool problem (Weingast, Shepsle, and Johnsen, 1981; Baron and Ferejohn, 1989) , and current generations exploiting the possibility to redistribute from future generations to themselves (Tabellini, 1991; Song, Storesletten, and Zilibotti, 2012) . Our paper addresses the latter and its connection to intragenerational redistribution.
Second, we extend the literature on divide-and-conquer. In a nutshell, divide-andconquer refers to the use of discrimination and favoritism to exploit a group that could withstand by acting unanimously. This tactic has been identified as a building block of Roman imperialism (Abbott, 1901) . In recent years, several papers have applied this idea to a wide array of topics, e.g. international relations (Wagner, 1986) , market entry deterrence (Rasmussen, Ramseyer, and Wiley, 1991; Segal and Whinston, 2000) , kleptocracy (Acemoglu, Robinson, and Verdier, 2004) , constitutional design (Weingast, 1995 (Weingast, , 1997 (Weingast, , 2005 , litigation (Che and Spier, 2008) , and multi-sided markets (Jullien, 2011 ). An overview is provided by Posner, Spier, and Vermeule (2010) . Many of this literature's insights on divide-and-conquer can be useful in the context of redistribution and government debt. For example, we draw on this literature to discuss the role of constitutional rules. A common feature of the studies cited above is the assumption that the divide-andconquer strategy is employed by a single actor (see however Eavey and Miller, 1995) . Our model extends the literature by identifying a so far neglected prerequisite for a successful implementation of divide-and-conquer, namely coordination.
Finally, our paper relates to several strands of the experimental literature. The strategic use of budget deficits has mainly been addressed by Sutter (2003) , who tests the partisan model of Alesina and Tabellini (1990) and finds support for its predictions. 2 A growing literature studies divide-and-conquer in the laboratory. Landeo and Spier (2009) and Boone, Müller, and Suetens (2014) confirm the use of divide-and-conquer in the strategic context of Rasmussen, Ramseyer, and Wiley (1991) and Segal and Whinston (2000) . Cason and Mui (2007 investigate how communication and repeated interaction help the majority coordinate to resist divide-and-conquer in the three-player transgression game of Weingast (1995 Weingast ( , 1997 . Divide-and-conquer has also been investigated in extensions of the ultimatum game (Messick, Moore, and Bazerman, 1997; Elbittar, Gomberg, and Sour, 2011) , and in the context of committee bargaining (e.g. Eavey and Miller, 1984; Eavey, 1987; Frechette, Kagel, and Morelli, 2005, see Palfrey, 2013 for a comprehensive overview).
Contrary to all these studies, divide-and-conquer may only be implemented by a group of subjects in our experiment, which necessitates coordination. The only other study with this feature we are aware of is Eavey and Miller (1995) on subcommittee bargaining. In that study, however, subjects are allowed to bargain freely, and repeated coordination within changing coalitions is necessary to reach the predicted outcome.
3 A Game-Theoretic Model
The Intergenerational Redistribution Game
There are two periods, t = 1, 2, and two generations of players. Players in the parent generation are denoted by i = 1, . . . , I where I ≥ 2, and each of them has n ∈ N children.
We frequently refer to the parent (child) generation as the old (young).
In period 1, parent i is endowed with the privately-observed individual wealth e i > 0 drawn from a (commonly) known distribution with cumulative distribution function G (⋅).
The parent then decides about her investment s i ∈ S i ⊂ [0, e i ] in government bonds, which yields a secure gross rate of return r > 1. For simplicity we assume that
. . , e i } for each i where d is an indivisible monetary unit (hence e i d ∈ N for all i). The profile of investments s = (s 1 , . . . , s I ) is publicly observed, and it is used to finance a public good of size g = ∑ i s i .
Repayment of government debt (with interest) is due in period 2. To repay the debt, the government collects income taxes from the children, since only children earn income in period 2. We assume the latter to be constant across individuals and equal to w.
3
However, debt may also be fully or partially repudiated. To determine the fraction of debt that is repaid, parents and children vote on the repayment rate θ ∈ [0, 1]. Conversely, 1 − θ denotes the repudiation rate or, put differently, the extent of the haircut that is invoked.
4
Denote by θ i (θ ij ) the repayment rate voted on by parent i (parent i's jth kid). To simplify the analysis, we assume that θ i , θ ij ∈ Θ = θ, θ with 0 ≤ θ < θ ≤ 1. Given the vectors of votes θ p = (θ 1 , . . . , θ I ) and θ c = (θ i1 , . . . , θ in )
, the repayment rate is selected by majority rule; formally
Extending the model to allow for heterogeneous income of the children yields qualitatively similar results, but is notationally cumbersome. Results are available from the authors upon request. 4 Tabellini (1991) labels 1 − θ the tax rate on debt.
where 1 A (⋅) is the indicator function of set A.
5 Accordingly, the first (second) sum on the right-hand side is the number of parents' (children's) votes in favor of repayment rateθ.
The RHS also specifies that in case of a tie the lower repayment rate is selected. Hence, the high repayment rate θ must be supported by a strict majority.
The voting outcome θ and the sum of investments jointly determine the income tax rate τ through the government budget constraint θ r ∑ i s i = τ n I w. Hence, τ depends on the voting outcome and the average investments
The investment profile s and the voting profile (θ p , θ c ) jointly determine the outcome of the game and the payoffs of parents and children. Concretely, parent i's payoff is
where γ p ∈ [0, 1) denotes the extent to which the public good benefits the parents, and α p > 0 denotes the degree to which parents benefit from their own investment. The payoff of parent i's jth kid is
where γ c > 0 denotes the degree to which the public good benefits the children, and 0 ≤ α c < 1 denotes the fraction of the parent's investment which is inherited. The following lemma provides a rationale for the assumption α c < 1.
Lemma 1. Ex ante, children prefer the low repayment rate if and only if α c < 1.
We study the subgame perfect equilibria of the game with the restriction that equilibrium strategies are pure and not weakly dominated (equilibria henceforth). Together with the assumption that voters choose among two repayment rates, this ensures truthful voting, i.e. each individual votes in favor of the repayment rate that would maximize her payoff (Besley and Coate, 1997) .
The assumption that only two alternatives are available is restrictive. Notice however that the parents' payoffs are increasing in θ and the payoffs of parent i's children are increasing (decreasing) in θ if α c s i > (<)s. Therefore, each voter either favors full repayment or full repudiation of the debt. This suggests that political platforms will converge towards those two extremes. Moreover, factors beyond the scope of the model may limit the extent to which the debt may be repudiated (or repaid). For example, a too extreme haircut severely limits a government's opportunities to borrow in the future (Cruces and Trebesch, 2013) .
Voting and Divide-and-Conquer
Our first result characterizes equilibrium voting.
Proposition 1. In any equilibrium, θ * i = θ for each i = 1, . . . , I, and
for each i = 1, . . . , I and each j = 1, . . . , n. Accordingly, θ * = θ if and only if
where H(s) = {i ∶ s i < s} I is the empirical distribution function of investments.
The proposition shows that the high repayment rate θ is supported by (i) parents 6 and
(ii) the children of those parents who invested the most in government debt. Unless debt is fully repudiated, the latter are the wealthiest in the young generation. In contrast, poor children prefer the low repayment rate θ. Accordingly, debt repayment is supported by a coalition of the old and the wealthy young, as in Tabellini (1991) .
The repayment of debt is politically viable if and only if the coalition of the old and the wealthy young holds the majority. Whether or not this will be the case depends on the distribution of bond investments within the old generation. The necessary and sufficient condition is given by (1) which states that the fraction of investments belows α c is bounded above. In other words, the proportion of parents investing little to nothing in government bonds cannot be too large. Otherwise, the coalition of poor children is large enough to prevent the repayment of debt. Debt repayment is therefore politically viable only if the degree of inequality in the distribution of bond investments is limited. On the other hand, a uniform distribution of investments (s i = s for each i = 1, . . . , I) also results in the low repayment rate, sinces α c >s and therefore H (s α c ) = 1 > (n + 1) (2n). In summary, debt can be held neither too widely nor too narrowly.
Note that the politically viable degree of inequality in the distribution of bond investments depends on the rate of population growth. For large n, a majority in favor of debt repayment only exists if the median of the distribution of bond investments is larger than its mean. The smaller n, the smaller is the fraction of parents holding the largest amount of the debt (equivalently the fraction of wealthy children) that is necessary to ensure debt repayment.
In the light of Lemma 1, whenever the coalition of the old and the wealthy young holds the majority, children effectively fall prey to a divide-and-conquer mechanism. Withstanding such a mechanism would require the young to cooperate and unite against the old.
Weingast (2005) and Cason and Mui (2014, 2015 ) (among others) discuss possible solutions to this social dilemma. On the other hand, parents in our model may exploit the 6 We assume that parents vote for the high repayment rate even when investing nothing to avoid cumbersome notation.
possibility to divide-and-conquer to their advantage. We discuss this opportunity in the next sub-section where we show that successful divide-and-conquer requires the parents to resolve a coordination problem.
Bond Investments and Coordination
To characterize equilibrium investments and the coordination problem parents face, we distinguish two types of equilibria: A no-debt-equilibrium satisfies s * i = 0 for each i = , 1 . . . , I. A debt-equilibrium satisfies s * i > 0 for some i ∈ {1, . . . , I}. We first establish conditions under which government debt may not be issued in equilibrium since it will not be repaid. Let ⌈x⌉ = min {z ∈ Z ∶ z > x}. rate is low irrespective of the voting outcome. Second, a no-debt-equilibrium exists, if children benefit little from parents' investments since this prevents the majority coalition supporting repayment of debt from forming. Third, a no-debt-equilibrium is easier to sustain if population growth is larger because the latter implies a smaller political influence of the older generation. Finally, the voting outcome is indeterminate for any no-debtequilibrium, since both parents and children are indifferent with regard to the repayment rate. Nevertheless, any voting outcome yields the same equilibrium payoffs.
Turning to debt-equilibria, we now investigate when and how parents manage to resolve the coordination problem and distribute in their favor. The corresponding equilibrium strategies depend on the size of the haircut that is available. Two cases must be distinguished: First, if a sufficiently large haircut is possible (θ < (1 − γ p ) (α p r)), parents prefer to invest in government bonds if and only if the high repayment rate is selected. A failure to coordinate would thus result in losses compared to a world where government bonds are not available, and fear of coordination failure may lead parents to abstain from investing. On the other hand if only a small haircut is implementable (θ > (1 − γ p ) (α p r)), parents prefer to invest regardless of the voting outcome. Still, not investing the complete endowment may be beneficial since it induces the high repayment rate. Therefore, a free rider problem arises since every player prefers not to forgo positive investment returns.
Denote byĜ(⋅) the empirical wealth distribution, i.e. the distribution of realized wealth levels e i drawn independently from G(⋅), and letē = ∫ R+ e dĜ(e). n , multiple debt-equilibria exist. Any debt-equilibrium satisfies (i)
The proposition delivers three messages. First, it establishes that coordinating intergenerational redistribution is only possible if children benefit sufficiently from their parent's investment (part a). Second, it identifies conditions that favor coordination and therefore intergenerational redistribution (part b). Coordination is easily achieved if the (empirical) wealth distribution satisfies condition (1).
7 In this case, every parent can fully invest into government bonds and still ensure the high repayment rate. Accordingly, the maximum amount of debt is issued in this equilibrium. The likelihood of the latter depends on the rate of population growth. Coordination takes place with probability one, if it suffices that a single kid supports the old, i.e. if population growth is close to zero (n < I (I − 2)).
Otherwise, other and from the parents' perspective less favorable equilibria exist which are, however, also less salient. Finally, the proposition shows how coordination is also possible if the wealth distribution is unfavorable (part c). Coordinating intergenerational redistribution requires some parents to hold back and not invest their entire endowment.
In particular, investments must be unequal, some parents' investments must be close to the thresholds α c (inducing moderately wealthy heirs), and these investments are decisive in the sense that the very wealthy are not sufficient to guarantee a high repayment rate.
We finally turn to the case where only a small fraction of government debt may be repudiated. In this case, government debt is issued in any equilibrium. We therefore focus on the question how the threat to lose part of the investment constrains the old generation's demand for debt.
αp r such that only debt-equilibria exist.
(a) IfĜ
n , there exists an equilibrium with s * i = e i for each i = 1, . . . , I, and each equilibrium satisfies θ * = θ.
(b) Any equilibrium with θ * = θ satisfies for each i = 1, . . . , I
s
n , an equilibrium with θ * = θ exists if
for sufficiently small d. 8 Otherwise, an equilibrium with θ * = θ exists and satisfies
As before, if the wealth distribution satisfies condition (1), coordination is easiest and the maximum amount of debt may be issued in equilibrium (part a). We focus on the case where this equilibrium is not available and we investigate when and how parents manage to coordinate full repayment of the debt. (2)) is smaller, the larger the fraction of wealthy parents (the largerĜ −1 1 2 n+1 n ), full repayment is also favored by a higher top wealth share.
Discussion: Inequality, Government Debt, and Coordination
How does wealth inequality affect accumulation and repayment of government debt? Similar to Tabellini (1991) , we show that debt may be held neither too widely nor too narrowly to make repayment politically viable. This suggests that a similar property must hold for the initial wealth distribution. However, contrary to Tabellini (1991) , our model identifies coordination as an important factor of intergenerational redistribution. First, multiple equilibria often exist even if the wealth distribution favors repayment of debt (Proposition 3b and 4a). Accordingly, coordination is necessary to achieve intergenerational redistribution. Second, coordination enables intergenerational redistribution even if the wealth distribution is unfavorable towards debt repayment. Coordination therefore mediates the impact of wealth inequality on the budget deficit.
Still, the wealth distribution may facilitate coordination. In particular, if wealth inequality is neither too small nor too large (i.e. satisfies condition 1), simple strategic behavior (each parent invests her entire wealth, or a constant fraction thereof) leads to the issuance of the largest amount of debt and guarantees its repayment. Can we expect the wealth distribution to have this property? The answer to this question very much 9 In other words, we assume that θ = 1 to facilitate the discussion.
depends on the rate of population growth. If population growth is large, the properties are unlikely to be satisfied by the distribution of wealth, since most wealth distributions are skewed to the right (see e.g. Benhabib and Bisin, 2016) . If population growth is small, a much higher top wealth share is politically viable. This offers another compelling reason why declining population growth may foster the accumulation of government debt.
Even if the wealth distribution does not satisfy condition (1), it affects coordination.
Consider the very likely scenario that only a small fraction of the debt may be repudiated.
In this case, the haircut is not invoked if the wealth distribution features some very rich individuals, and it is less likely the larger the top wealth share (see Proposition 4 and the discussion below).
The question how wealth inequality fosters the repayment of government debt is ultimately an empirical one. Yet, to the best of our knowledge, the only empirical study which addresses the relationship between government debt and inequality is Larch (2012) .
Moreover, this study focuses on inequality of income. Our model has the potential to inform further studies in this direction. In particular, we provide clear, testable predictions regarding the properties of the wealth distribution that favor the repayment of debt. Additionally, comparing the properties of the wealth distribution with those of the distribution of bond investments may provide insights into the resolution of the coordination problem.
Still, any empirical study must resolve problems of measurement and reverse causality.
Those studies should therefore be complemented by experimental analyses. In the next section, we present a first attempt to study the strategic use of inter-and intragenerational redistribution experimentally.
Finally, our model also provides some guidance regarding stabilizing factors that prevent an excessive accumulation of debt. First, as already discussed, a larger population growth and lower wealth inequality (especially if population growth is small) constrain the amount of debt that may be issued. Second, the possibility to invoke a haircut may also constrain the amount of debt, or prevent issuance altogether. Third, boundaries on inheritance weaken the connection between old and young and therefore complicate the use of the divide-and-conquer mechanism. Each of these factors has the potential to hamper coordination within the old generation. At best, even small changes can have large impact, if they cause coordination to break down.
Experimental Evidence
To shed more light on the relevance of the redistributive mechanism we conduct an experimental test of our simple game-theoretic model. This approach enables us to study behavior under controlled, ceteris paribus conditions and therefore to avoid problems of measurement and reverse causality that abound in field studies (cf. Sutter, 2003) . We are interested, in particular, in the resolution of the coordination problem under two scenarios:
when the distribution of wealth is favorable and when it is not. To focus on this issue, we frame the experiment in neutral terms and we avoid any reference to public debt, which might evoke specific associations in our subjects.
Design and Procedures
We are interested in the coordination of redistribution in the simplest possible environment. We therefore test versions of the model in which I = n = 2. Accordingly, no-debtequilibria do not exist as any single parent can evoke the high repayment rate by investing a positive amount. Furthermore, we let γ p = γ c = 0 in order to abstract from the public good aspect of the game.
The experiment closely follows the model developed in the previous section. Subjects are randomly assigned to groups of six which are fixed throughout a session. Each group plays 20 repetitions of the game which proceed as follows: At the beginning of a repetition, each subject learns about her endowment. Endowments are randomly assigned to subjects, in case they differ within a group (see below). All six subjects then simultaneously decide about their investment into government debt. 10 After all investment decisions have been submitted, two subjects are randomly selected as parents (called investors) and each parent is randomly assigned two children (called partners). Only the investment decisions of parents are payoff-relevant. Given parents' investments, subjects vote on the repayment rate θ ∈ {0, 1}, and the high repayment rate θ = 1 is selected if at least 4 out of 6 votes support it. At the end of the experiment, one repetition each out of the first and the last ten repetitions is randomly selected to determine subjects' earnings (including a show-upfee of 4 e).
To investigate the impact of inequality on coordination we implement two treatments named, respectively, treatment Symmetric and treatment Asymmetric. The treatments differ with respect to the distribution of endowments within a group. In treatment Symmetric, each subject receives an endowment of 5 e in each repetition. In treatment Asymmetric, half the subjects in a group are endowed with 6 e, the other half are endowed with 4 e, and exactly one subject with the high and one subject with the low endowment is selected as a parent in each repetition. Moreover, each parent is randomly assigned one child each with the low and the high endowment. Our design implies that the endowments of the children are also unequal in treatment Asymmetric. To maintain a basic feature 10 Investments are multiples of 10 cents.
Treatment

Symmetric Asymmetric Redistribution
Endowments e 1 = e 2 = 5 e e 1 =6 e, e 2 =4 e e 1 = 6 e, e 2 = 4 e w ij ≡ w = 5 e w i1 = 6 e, w i2 = 4 e w i1 = 6 e, w i2 = 4 e of the model and keep treatments comparable, we assume that each child bears the same tax burden r ⋅ ∑ i s i 4 in case the repayment rate θ = θ = 1 is selected. The remaining parameters of the game are selected in order to maximize incentives to coordinate. They are given by r = 2, α p = 1, and α c = 0.9.
Parents' Payoffs
One potential concern with the experimental design is the fact that repudiating the investments (selecting the low repayment rate θ = θ = 0) decreases overall welfare. 11 Subjects with efficiency concerns (see e.g. Engelmann and Strobel, 2004 ) might therefore vote against their self-interest and facilitate redistribution. To investigate the influence of social preferences, we conduct a third treatment -Redistribution -which is a variation of treatment Asymmetric. The main difference is that investments are fully refunded in treatment Redistribution, if the low repayment rate is selected by the (weak) majority (i.e. π i (s, θ) = e i ). Accordingly, group welfare remains constant regardless of the voting outcome.
12 The remaining parameters r = 2.8, α p = 0.5, and α c = 6 7 have been selected to minimize the support for intergenerational redistribution. In particular, the potential gain of the parents and of those children supporting redistribution is smallest, and the potential loss of the children opposing redistribution is largest in this treatment. The treatment therefore constitutes a stress test of the redistributive mechanism's robustness against factors such as fairness not taken into account in the model. Table 1 summarizes the different treatments and their equilibria. In treatments Asymmetric and Redistribution, a unique equilibrium exists in which subjects invest their entire endowment and the high repayment rate θ = 1 is selected. In treatment Symmetric, there are multiple equilibria given by s i = e i = 5 e and s j ∈ {3.90 e, 4.00 e} for i ≠ j.
Two sessions were conducted for each treatment. The sessions took place at the experi-11 Straightforward calculations imply that ∑ i πi (s, θp, θc) + ∑ j πij (s, θp, θc) = ∑ i ei + I n w + (I γp + I n γc − 1) ∑ i si + θ r (αp + αc − 1) ∑ i si which is increasing in θ if αp + αc > 1.
12 ∑ i πi (s, θ) + ∑ j πij (s, θ) = 30 e for each s and each θ ∈ {0, 1}. Students from TU Munich were invited using the ORSEE recruitment system (Greiner, 2015) . 24 subjects participated in each session.
Upon arrival at the lab, subjects were randomly assigned to cubicles that did not allow for any visual communication between them. Once all subjects were seated, paper instructions were distributed and subjects were given time to read them at their own pace.
Instructions were then read aloud and subjects were permitted to ask questions. All decisions were submitted through computer terminals using an interface programmed in zTree (Fischbacher, 2007) . The interface also provided tools to assist subjects in their decisionmaking. In particular, before choosing their investment, subjects had the opportunity to enter fictitious investments for themselves and the other investor to learn about the resulting earnings of each group member under the two possible voting outcomes. Similarly, before voting, subjects where shown the earnings of all six group members (anonymized) for each possible voting outcome. At the end of the 20 rounds, 13 subjects filled out a short questionnaire consisting of some demographic questions and some questions related to the experiment. Afterwards, they retrieved their earnings in private and left.
Sessions lasted 75 minutes on average. The average payment was 13.60 e in treatment Symmetric, 15.20 e in treatment Asymmetric, and 14.20 e in treatment Redistribution.
Overall, we collected 2,712 investment and voting decisions submitted by 144 subjects.
Results
We discuss the experimental results in three steps. We first discuss subjects' voting be-
havior. Second, we analyze subjects' investment decisions. Finally, we combine the results to address the effectiveness of redistribution. Table 2 presents average frequencies of truthful voting for the different treatments and different types of players. The numbers exclude voting decisions in which a subject was tied between the two options. We note first that across treatments and player types, a 13 Due to time constraints one session in treatment Asymmetric had to be stopped after round 13.
Voting
large majority of subjects vote truthfully. Still, differences between the treatments and the types of players exist. In particular, compared to treatment Asymmetric, children vote significantly less truthfully in treatment Symmetric which further hinders redistribution in the latter treatment. Furthermore, parents and children supporting redistribution vote more truthfully in treatment Asymmetric than in treatment Redistribution. Though this result seems to indicate the presence of efficiency concerns, note that average frequencies do not account for differences in the incentives to vote truthfully. Indeed, the average difference between the payoffs of a truthful and an untruthful vote in treatment Asymmetric, Symmetric, and Redistribution, respectively, is 7.78 e, 7.03 e, and 1.80 e for parents, 0.85 e, 0.73 e, and 0.62 e for children supporting redistribution, and 1.36 e, 0.81 e, and 1.93 e for children opposed to redistribution. These differences also complicate comparisons across types of players.
To take into account the different incentives subjects face, we estimate a logit model of the decision to vote truthfully. The model includes as explanatory variables the payoff difference between the more and the less preferred option, treatment dummies, dummies for the different player types, and interactions between those dummies, and it allows for subject-specific random effects. In alternative specifications, we also incorporate a period trend and demographic controls.
14 The results are presented in table B1 in Appendix B.
We find a strong incentive effect, as the coefficient of the difference in payoffs is always positive and highly significant. Averaging across observations where the payoff advantage of a truthful vote is at least 1.00 e, the frequency of truthful votes is larger than 90 percent for each treatment and each player type. Second, we find that controlling for incentives alleviates the differences between treatments. In particular, the only difference in voting behavior between treatments Symmetric and Asymmetric occurs for children supporting redistribution which are less inclined to vote truthfully in treatment Symmetric. Furthermore, compared to treatment Asymmetric, parents vote more truthfully but children supporting redistribution vote less truthfully in treatment Redistribution. We therefore obtain mixed results regarding subjects' concerns for efficiency. Finally, we find that, holding incentives constant, children supporting redistribution are more inclined to vote truthfully than both parents and children opposed to redistribution in treatment Asymmetric.
The following result summarizes our findings for the voting stage.
Result 1. A large majority of subjects vote truthfully and they are more inclined to do so the larger the incentives. Differences between treatments and player types are not systematic.
14 Concretely, we control for age, gender, academic major, high-school graduation grade, mother tongue, and self-assessments on risk-aversion, egoism, generosity, and ambition. These differences are significant at any conventional level both using a one-sided t-test for equality of the average (absolute or relative) investment and a Kolmogorov-Smirnov test for equality of distributions (of the relative investments). 15 In addition, we find that the standard deviation of relative investments is lowest in treatment Redistribution (σ = 0.24), moderate in treatment Asymmetric (σ = 0.35) and highest in treatment Symmetric (σ = 0.39). Again, the differences are significant at the 1%-level using an F-test for equality of variances.
The results suggest that subjects recognize the incentives to coordinate with both heterogeneous and homogeneous endowments. In treatments Asymmetric and Redistribution, subjects frequently invest their entire endowment (in 46% and 66% of all decisions, respectively). Moreover, investments increase over time in treatment Asymmetric (the average investment equals, respectively, 3.41 e and 3.80 e across the first and the last ten periods)
suggesting that subjects adapt towards the unique equilibrium. Finally, the difference between the two treatments indicates that deviations from equilibrium investments are partially explained by risk (or loss) aversion, as subjects cannot earn less than their endowment in treatment Redistribution (see also the regression results discussed below).
In contrast, subjects invest on average substantially less than their endowment in treatment Symmetric, and they rarely invest their entire endowment (27% of all decisions).
Moreover, investments are widely dispersed. Both properties may be interpreted as an attempt to achieve coordination in a difficult environment.
15 The results are robust to the exclusion of investments equal to zero.
Result 2. Subjects select investments to coordinate redistribution. In particular, subjects frequently invest their entire endowment, if endowments are heterogeneous, whereas investments are substantially lower and more dispersed with homogeneous endowments.
To better understand what drives investment behavior, we estimate linear regression and Tobit models of the relative investment, i.e. the fraction of the endowment invested into government bonds. 16 The models allow for subject-specific random-effects, and they contain as explanatory variables a dummy for the high endowment (for treatments Asymmetric and Redistribution), a period trend, and several demographics and other responses to our final questionnaire.
17 Tables B2 and B3 in Appendix B contain the estimation results.
We note first that few of the explanatory variables have a significant impact in treatment Symmetric. This again indicates the complicated nature of the coordination task in this treatment. In contrast, we find several effects for the other two treatments. First, subjects with a better high-school grade and subjects whose mother tongue is German invest more. Both effects are re-assuring since they suggest that a better understanding of the instructions increases the likelihood of equilibrium behavior. Second, we find that a subject's willingness to take risks is positively related to the size of her investment in treatment Asymmetric but not in treatment Redistribution. This corroborates our interpretation of the differences between the two treatments. Third, subjects who state taking the sum of payoffs into account in their voting decision invest more in treatment Asymmmetric while this has no effect in treatment Redistribution (where the sum of payoffs is independent of the investment and voting decisions). In addition, subjects who care
for their partners' payoffs in their voting decision invest significantly less (more) in treatment Asymmetric (Redistribution). These findings imply that subjects' other-regarding preferences influence their investment decision.
In summary, in treatments with a unique equilibrium, subjects' investment decisions are systematically influenced by subjects' understanding, risk aversion, and other-regarding preferences.
16 Results for absolute investments are similar and available from the authors upon request.
17 Specifically, we include (i) age, gender, academic major, high-school grade, and mother tongue; (ii) self-assessments on risk-aversion, egoism, gift-giving, generosity, ambition, and the importance attached to own earnings and creating a majority; and (iii) dummy variables for stated motives for the voting decision where subjects were able to choose several among 5 possibilities: "maximizing own payoff", "maximizing the sum of payoffs in the group", "maximizing the payoff of the partner(s)", "achieving a (nearly) equal distribution of payoffs in the group", or "I always rejected". 
The Success of Coordination and Redistribution
We finally examine the success of parents in coordinating and redistributing in their favor. In treatments Asymmetric and Redistribution, a large majority of proposals resulted in a majority favoring repayment. In treatment Asymmetric, voting also resulted in repayment in most of these cases such that overall, subjects managed to coordinate redistribution in 65.9% of game plays. As investments were accepted in 13 additional cases in which truthful voting would have led to repudiation, 75.8% of game plays involved redistribution in favor of parents. The high frequency of successful redistribution results in a substantial payoff inequality in treatment Asymmetric. On average, parents (children) attained a payoff equal to 7.07 e (4.72 e). In contrast, only 81 out of 160 proposals were accepted in treatment Redistribution. This owes to the lower propensities of truthful voting. Indeed, 124 proposals would have led to repayment under truthful voting. Overall, parents (children) attained an average payoff equal to 5.91 e (4.55 e) in treatment Redistribution.
Frequencies of successful coordination are lower in treatment Symmetric. Investors managed to coordinate a majority in favor of redistribution in only 59 out of 160 game plays. Ultimately, 45 of these proposals were accepted. Notice however that due to our experimental design, coordination is harder to achieve in this treatment. For instance, if exactly half the players in each group were to choose each the low and the high equilibrium investment, the expected frequency of coordinated proposals would be merely 50%.
A uniform distribution of investments yields an expected frequency of coordination as high as 80%. Accordingly, subjects were quite successful in coordinating redistribution in treatment Symmetric, though less than under the more favorable conditions in the other treatments. Indeed, average payoffs for parents (5.56 e) and children (4.83 e) reveal that redistribution took place to some extent even under unfavorable conditions.
Result 3. Subjects achieve debt repayment both if this is favored by the initial wealth distribution, and if it is not. Hence, coordination is the driving force of debt repayment.
Conclusion
How does the link between inter-and intragenerational redistribution foster the repayment and, in turn, the accumulation of government debt? We identify a strategic component of Tabellini's (1991) redistributive mechanism that has largely been neglected in previous work on this topic. By successfully coordinating their bond investments, parents can exploit a link between inter-and intragenerational redistribution even if the wealth distribution does not favor debt repayment, i.e. features too much or too little inequality.
Moreover, multiple equilibria often exist even if the wealth distribution favors the repayment of debt. Our model therefore shows that coordination mediates the impact of wealth inequality on the budget deficit. In addition, the model sheds light on other factors of debt accumulation. In particular, declining population growth and bounds on inheritance limit debt accumulation. Since coordination also mediates the impact of those factors, small changes can have large impact if they cause coordination to break down.
Our model enables us to experimentally test Tabellini's (1991) redistributive mechanism. The experimental results corroborate our model implications. In particular, subjects manage to coordinate the repayment of debt in more than one-third of game plays if wealth inequality is absent and the wealth distribution therefore does not favor debt repayment. They do so despite the multiplicity of equilibria and the complications introduced by our experimental design. Further studies should dig deeper into this finding by studying whether factors commonly found to foster coordination such as communication further increase the frequency of coordinated redistribution.
Finally, our paper highlights that parents employ a divide-and-conquer strategy towards the young generation. By generating a politically viable distribution of debt, parents manage to form a coalition with some of the children to redistribute from young to old.
This connects the paper to a wide literature in political-economics and makes some of the findings in that literature applicable to fiscal policy questions. For example, Weingast (1995, 1997) argues that constitutional regulations are only effective to the extent that they are accepted as a consensus by the general public. This sheds a new light on constitutional constraints regarding the budget deficit. For example, the Stability and Growth Pact of the European Monetary Union may have been frequently violated exactly because the majority of citizens did not understand its importance and was not willing to defend it in the face of transgressions against it. In turn, recently introduced constitutional debt ceilings such as the German debt brake may prove all the more effective since they originated in an economic crisis that "dislodge[d] the old pattern" (Weingast, 1997, p.258) .
Besides fiscal policy, there are several other avenues for future research. In particular,
we extend the theoretical and experimental literature on divide-and-conquer by adding coordination as a prerequisite. This plays a role e.g. in subcommittee legislation in the U.S. (see Eavey and Miller, 1995) and might be an interesting extensions of existing studies (e.g. Cason and Mui, 2007 .
Appendix A. Proofs
Proof of Lemma 1. Children ex ante prefer the low repayment rate if and only if overall welfare of children is decreasing in θ. Given investment profile s and repayment rate θ selected by the majority, the welfare of children is given by
Accordingly, ∂π c (s, θ) ∂θ < 0 if and only if α c < 1.
Proof of Proposition 2. Parent i invests in government bonds, if the net return from investing is positive. Let θ denote the anticipated repayment rate selected in period 2.
Parent i's payoff is then given by
Accordingly, π i is increasing in s i provided γ p + α p θ r > 1, or equivalently
Therefore, investing nothing cannot be optimal, if 1−γp αp r < θ < θ, and investing a positive amount cannot be optimal, if θ < θ < Proof of Proposition 3. Ad (a): Since θ < 1−γp αp r , investing a positive amount is not a best response when the low repayment rate is selected. Hence, θ * = θ in any debtequilibrium. Let
We show that a debt equilibrium exists only if θ = θ is selected for the investment profilê and let e = (e 1 , . . . , e I ). First, s = e implies that the empirical distribution of investments, H, coincides withĜ. Accordingly, ifĜ satisfies condition (1), so does H and e is an equilibrium.
Second, a no-debt-equilibrium exists unless α c > 1 I and n ⋅ (I −2) < I by Proposition 2.
Hence, the two conditions are necessary for uniqueness of the equilibrium e. We show that they are also necessary and sufficient for the existence of a unique debt-equilibrium.
Necessity: Let e = min i e i and K = ⌊α c I⌋ = max {z ∈ Z ∶ z < α c I} and consider the strategy profile s ′ given by (i) s
Furthermore, s K+1 < e since α c I − K < 1. Therefore, the children of parents 1, . . . , K
n I⌉ (a) that K ≥ J and therefore θ = θ. Hence, no parent has an incentive to deviate from s ′ by investing less. Furthermore, investing more is not a profitable deviation from s ′ for some parent i > K if n ⋅ (I − 2) > I.
To see this consider a deviation to s i ≥ s
e which implies that the children of parents j = 1, . . . , K no longer vote for θ. Accordingly, only the children of parent i vote for θ after such a deviation and this cannot be profitable if n ⋅ (I − 2) > I. Hence, e is the unique debt-equilibrium only if n ⋅ (I − 2) < I since otherwise s ′ would constitute a debt-equilibrium as well.
Sufficiency: Assume n ⋅ (I − 2) < I and, without loss of generality, e 1 ≥ e 2 ≥ . . . ≥ e I .
Consider a strategy profile s ≠ e and let = min {i ∶ s i < e i }. Clearly,s <s + (e − s ) I ≤ē.
There are two cases:
α c e >ē >s + (e − s ) I implies that increasing s to e induces θ = θ because the children of parent vote for θ and this suffices since n ⋅ (I − 2) < I. Hence, there exists a profitable deviation from s if α c e >ē.
α c e <ē implies that s i = e i for i < by definition of and > J by the ordering of the e i and since e is assumed to be an equilibrium. Therefore, α c s i = α c e i >ē ≥s + (e − s ) I for i = 1, . . . , J and increasing s to e is profitable since it does not change the voting outcome θ = θ. n , and since s 1 = s 2 = . . . = s I =s violates condition (1). For conditions (iii) and (iv), consider a strategy profile s, a parent j such that s j < e j , and a deviation s To see multiplicity of debt-equilibria, assume first that n (I − 2) < I. Hence, starting from (0, . . . , 0), any single parent i can guarantee the high repayment rate by investing s i = e i . Increasing investments parent by parent for the remaining parents must stop at an equilibrium with s * j < e j for some j ≠ i. Noting that i was chosen arbitrarily finishes the proof for n (I − 2) < I. Finally, the proof for n (I − 2) > I follows from the construction of the equilibrium s ′ as in (b) by noting that the assignment of s i = e to parents i ∈ {1, . . . , K} (rather than any other subgroup of size K) is arbitrary.
Proof of Proposition 4. Ad (a): Since θ > 1−γp αp r , investing is profitable even if the low repayment rate is selected by the majority. Hence, there cannot exist an equilibrium such that θ * = θ and s * i < e i for some i ∈ {1, . . . , I}. Since H coincides withĜ if s = e, this strategy profile induces θ ifĜ satisfies condition (1), and therefore constitutes an equilibrium.
Ad (b): Let s
* denote an equilibrium with θ * = θ and consider player i such that
Deviating to s i = e i must induce the low repayment rate for otherwise it would be a profitable deviation. Moreover, the payoff to player i from investing s i = s * i when the repayment rate is high must be higher than the payoff from investing s i = e i when the repayment rate is low:
Ad (c):
Consider the investment profile s = e which induces θ * = θ. Player i finds it profitable to deviate from e if there exists s i ∈ S i such that
The first condition states that by selecting s i < e i instead of e i and thus changing the average investment to s = e − (e i − s i ) I the player can unilaterally induce θ. The second condition requires that this deviation is profitable as in (b). Condition (i) may be rewritten
Hence, a profitable deviation s i < e i for player i must satisfy η e i < s i < e i − I e − α cĜ −1 1 2
Such a deviation exists, if and only if
For sufficiently small grid size d, this reduces to
Accordingly, there exists a profitable deviation from e for some player i, if
This condition is also sufficient for existence of an equilibrium s * , since none of the parents can find it profitable to deviate from s i = e i if the high repayment rate is selected in the voting.
Conversely, e is an equilibrium with θ * = θ if and only if condition (2) does not hold, since this is equivalent to no player being able to unilaterally and profitably deviate from e.
Appendix B. Econometric Results
Propensity to Vote Truthfully Notes: Standard errors in parentheses.
Significance levels: * (10%), * * (5%), * * * (1%). 
C.1. Instructions for Treatment Asymmetric
For the experiment, we randomly divide the participants in groups of six. You stay with your group until the end of the experiment.
The experiment consists of 20 independent rounds, and each round is conducted in the same way.
A. The progress of a round
At the beginning of each round, 3 participants in each group are selected randomly and independently of the outcome of previous rounds to receive an initial endowment A equal to A = 600 points .
The 3 remaining participants in each group receive an initial endowment A equal to A = 400 points .
Each round consists of two parts:
In the first part you and every other participant decide how many points to invest.
You can invest each multiple of 10 points between 0 and your initial endowment (i.e. 
Voting
Before you cast your vote, you will be shown on your screen (i) whether you are selected as an investor or not.
(ii) how many points you invested (if you are an investor) , or how many points your partner invested (if you are not an investor).
(iii) how many points the other investor invested, (iv) the payoffs you and the other participants in your group achieve, if the investments are approved and if they are rejected.
D. Earnings
At the end of the 20 rounds, two rounds are randomly selected. The sum of the payoffs you achieved in these rounds will determine your earnings in this experiment. To select these rounds, one participant will be asked to throw a 10-sided dice twice:
The number of points of the 1st throw determines one of the rounds 1 -10.
The number of points of the 2nd throw + 10 determines one of the rounds 11 -20.
